ABSTRACT -Results of this study represent the first report of the effect of Naphthalene Acetic Acid (NAA) on the pre and post harvest quality of wax apple fruit. The wax apple trees were spray treated with 0, 5, 10 and 20 mg L -1 NAA under field conditions during 2008 to 2011. The experiments were carried out in Completely Randomized Design (CRD) with six replications. Leaf chlorophyll content, chlorophyll fluorescence, photosynthetic yield, net photosynthetic rate, drymatter content of leaves and total soluble solids and K + content of wax apple fruits were significantly increased after treatments with 10 mg L -1 . Polygalacturonase activity significantly decreased with NAA treatments. The application of 5 mg L -1 NAA increased 27% more bud and reduced 42% less fruit drop compared to the control. In addition, higher protein and phosphate synthase activity of leaves, fruit set, fruit growth, larger fruit size and yield were recorded in NAA treated plants. In storage, treated fruits exhibited higher TSS and firmness and less weight loss, browning, titratable acidity, respiration and ethylene production than the control. It is concluded that spraying with 5 and 10 mg L -1 NAA once a week under field conditions produced better fruit growth and yield of the wax apple and maintained better fruit quality in postharvest storage. Index terms: NAA, fruit, development, pre and postharvest quality.
INTRODUCTION
The wax apple is a nonclimacteric tropical fruit tree from the Myrtaceae family with its origin in the Malay Archipelago and botanically identified as Syzygium samarangense (MORTON, 1987) . Wax apple is widely cultivated throughout Malaysia, mainly as smallholdings ranging from 1 to 5 ha, with a total hectarage estimated at 1500 ha in 2005. The production area and production for the year 2003 in Indonesia were 13,454 ha and 239,108 tons, in Taiwan were 7,302 ha, 84,991 tons (ZEN-HONG et al., 2006) . The ripe, pink fruits of wax apple are bell-shaped, sweet and can be eaten fresh or cooked, for sauces, jams, jellies desserts, wines, liquors, and vinegars. The fruits of apple air are eaten raw with salt or cooked as a sauce. Ninety per cent or more of the fruit is edible. The fruits can be used for several inflammatory conditions, including sore throat, high blood pressure, and as an antimicrobial, antiscorbutic, carminative, diuretic, and astringent (KHANDAKER et al., 2011) . It has become an increasingly popular fruit in the tropical region where it can fetch a price of up to 3USD per kilogramme and has the potential to bring great benefits to local farmers and the country's economy (KHANDAKER et al., 2012a; MONERUZZAMAN et al., 2012) .
It is important for fruit growers to have information on the differences in fruit quality among the available fruit varieties and the changes occurring in fruit quality parameters over time. PGRs enhance the rapid changes in physiological and biochemical characters and improve crop productivity. The application of GA 3 at 20 mg L -1 associated with CPPU at 10 mg L -1 improved berry size of Italia grapes without affecting cluster mass, leading to higher grape quality (RODRIGUES et al. 2011) . It has been reported that application of NAA before flowering, followed by three weeks after fruit set significantly increased fruit length, diameter and fruit weight as well as yield in guava (DUTTA; BANIK, 2007; ALMESELMANI, et al., 2010) .
Auxins have been reported to effective in enhancing fruit growth, when applied during the second stage of fruit development in tomato (SERRANI et al. 2008) . These auxins are known for their ability to increase cell enlargement thus enhancing fruit growth in citrus (AUGUSTI et al., 1995) . NAA has been shown to significantly increase fruit yield, total soluble solids (TSSs), total sugar content, fruit color in Bing cherry, and vitamin C in guava fruits (IQBAL et al., 2009 ). The postharvest losses may depend on external and internal conditions, which affect the fruit firmness, juice content, weight loss, pH, soluble solids content (SSC), and other quality parameters (TU et al., 2000) . FIGUEROA et al. (2012) reported that calcium and auxin alter fruit ripening preventing the normal degradation of cell wall during cold storage. They also found that NAA treatments had no significant affect on firmness, acidity, and soluble solids content (SSC) of strawberry in cold storage.
Currently, no information is available in the literature on the effects of NAA on wax apple fruit growth, yield and postharvest quality. Hence, this study is aimed to evaluate the effects of NAA on fruit growth, yield and quality of wax apple under field conditions. It is proposed that the application of NAA can affect or promote the pre and postharvest quality of the wax apple fruit.
MATERIALS AND METHODS
The present study were carried out in an orchard located at MARDI, Klang and a commercial farm in Banting, 2º 30N, 112º 30E and 1º28 N, 111º 20E at an elevation of about 45 meter from sea level. The area under study has a hot and humid tropical climate. The soil in the both orchard is peat with a mean pH of around 4.6 (KHANDAKER et al., 2013) . Twelve years old wax apple trees were selected for the study. The trees were planted at 4.2 m × 4.2 m in hexagonal system and received the same horticultural management. Twenty four trees were used in the experiment for each season. One hundred twenty uniform branches (five branches per tree) of the same length, and diameter, and approximately same number of leaves were selected for the experiments. The experiment consisted of four treatments including the control, in six replicates and a single tree was taken as an experimental unit. The selected uniformed branches were sprayed with 5, 10 and 20 mg L -1 NAA and water (control) each once a week at the beginning of flower opening through fruit development. The experiments were arranged on the selected branches in a completely randomized design (CRD). A total of six spraying times were carried out; two times before anthesis and four times after anthesis and 350 ml NAA solution was used per treatment (thirty branches). For postharvest storage, all the harvested fruits were kept at 8 ± 2°C and 85 to 90% relative humidity during 2010 and 2011 seasons. In storage, GROWTH, YIELD AND QUALITY OF WAX APPLE AS AFFECTED... completely randomized design (CRD) with three replications was used. Two kg of uniformed size wax apple fruits was kept in each replication. The data on the postharvest quality parameters were carried for 4 days, on days 0, 5, 10 and 15 during storage periods. Total chlorophyll content (SPAD value) in the leaves of the plant was recorded using SPAD meter (Konica-Minolta Model 502). Chlorophyll fluorescence was measured by Hansatech Plant Efficiency Analyzer (PEA). It was represented by lower fluorescence (F0), higher fluorescence (Fm) and relative variable fluorescence (Fv). Optimum quantum yield (Fv/Fm) also evaluated at 28ºC and time range was 10µs-3 sec. Stomatal conductance was measured by a portable Leaf Porometer (Model SC-1, USA). Leaf dry matter was measured at 0% moisture. The photosynthetic rate (Pn) was measured using a portable photosynthesis system (Li-6400XT, Li-COR, USA) and measurements were carried out according to methods of KHANDAKER et al. (2012a) . The desalted crude extract preparation for enzyme analysis and protein content were determined according to the method described in KHANDAKER et al. (2012a) using bovine serum albumin as standard. SPS activity was assayed under Vmax conditions as described in KHANDAKER et al. (2012a) . The methodology to measure total polygalacturonase (PG) activity was adapted from LU; LAN (2011) . PG activity of fruit juice was assayed spectrophotometrically and absorbance was measured with a UV spectrophotometer at 276 nm, using α-D-galacturonic acid as a standard (GROSS, 1982) . For determination of respiration and ethylene production rate 1 kg fruits were kept on a sealed plastic jar for 1 hour in storage condition. Carbon dioxide and ethylene concentration of wax apple fruits were determined with a Shimadzu GC-8A gas chromatograph (Tokyo, Japan), equipped with Porapak Q 80/100 column and flame ionization detector. The respiration and ethylene production rates were calculated and expressed as mg CO 2 kg -1 h -1 and nL kg
. Total number of buds, fruit growth (length and diameter) fruit set, fruit drop, yield and fruit dry matter were measured according to KHANDAKER et al. (2012a) . The surface color of each tagged fruit was determined at three different points of the fruit using a standard color chart (Minolta, Osaka, Japan) and expressed as percentage of color cover. K + content of fruit juice was determined by using a Cardy Potassium meter (Horiba C-131). Total soluble solids (TSS) was evaluated at 25°C with an Atago 8469 hand refractometer (Atago Co. LTD., Tokyo, Japan) and expressed as °Brix. Fruit firmness was determined with a digital hand-held penetrometer (Model KM-1, Fujiwara, Japan). The weight loss of jambu air fruit samples were calculated by differences between initial weight and final weight divided by initial weight (KHANDAKER et al., 2009 ). The weight loss of the same sample was recorded periodically during the storage period. The pH of the wax apple juice was recorded using a pH meter (Hanna pH 211, Italy). The fruit juice (10 mL) was titrated with 0.1M NaOH, and the results are expressed in terms of percentage citric acid. The percentage of citric acid was calculated using the formula of BHATTARAI; GAUTAM (2006). Browning index was estimated according to the methods described by SUPAPVANICH et al. (2011) . The result was expressed as the mean of the four replication of the absorbance.
The experimental design was a completely randomized design (CRD) with six replications. The data obtained from the three seasons were pooled and analyzed using MSTAT statistical software. One way ANOVA was applied to evaluate the significant difference in the parameters studied in the different treatments. The least significant difference (Fisher's protected LSD) was calculated, following a significant F-test (p = 0.05).
RESULTS
The chlorophyll content, which can indirectly indicate the health status of a plant, determined using a Minolta SPAD meter, was significantly (p < 0.05) higher in the leaves of NAA-treated branches (Table  1) . The chlorophyll content in leaves from all the treated branches were higher than the control branch, up to 33% higher, in the 10 mg L -1 treated branch branches. NAA treatments had a significant effect on chlorophyll fluorescence of wax apple leaves (Table 1 ). The highest maximum fluorescence (Fm) was observed in 10 mg L -1 NAA treatment, followed by 5 and 20 mg L -1 NAA treatments respectively, whereas, the lowest (F0) value was recorded in the leaves of the control branches. Ground state fluorescence (F 0 ) and variable fluorescence (Fv) was higher in 20 mg L -1 treatment followed by 10 and 5 mg L -1 NAA treatments respectively, whilst, leaves of control branches produced the lowest fluorescence (F 0 ). With regard to quantum yield, NAA treatments also showed a significant effect (Table 1) . Our results showed that NAA had a significant effect on stomatal conductance and dry matter content in treated leaves (Table 1) .
Results show that NAA treatments increased the leaf photosynthetic activity considerably. The treatments, in that order, whereas the control leaves evidenced the least photosynthesis. The results show that NAA treatments increased the leaf SPS activity of wax apple plants (Table 2) . Table 2 shows that NAA treatments did not produced significant effect on leaf soluble protein among themselves, although, it was significantly different between the treatments and control. NAA produced a significant effect on bud number and fruit set of wax apple (Table 2) . Results show that 5 mg L -1 NAA-treated branch produced 26% higher bud than the control treatment. Fruit set was almost 1.74 fold in 20 mg L -1 NAA-treated branches compared to those in the control ( Table 2 ). The control branches produced the lowest fruit set.
The results showed that NAA-treated branches exhibited higher fruit growth rate from the first week till the 7 th week, with regard to fruit length and diameter (Figures 2 and 3) . At the 3 rd week of observation, fruit length was 4.86 cm and 4.1 cm in 10 and 5 mg L -1 NAA treatments respectively, whereas, it was 3.4 cm for the control fruit. Similarly, the average fruit diameters at 2 nd week were 2.06 and 1.67cm for the 10 and 5 mg L -1 NAA-treated fruits, whereas it was 1.16 cm in the control fruits. On the basis of these results, it can be seen that all the treated fruits grew at a faster rate and were larger than the untreated control fruits. Results revealed that fruit color development was greatly enhanced by the NAA treatments used in this study, with the 5 and 10 mg L -1 NAA treated fruits exhibiting the greatest percentage color cover from day 14 till day 28 ( Figure  4) . Furthermore, it was observed that on 14 days after anthesis, the red color of the fruits had already started to show in the treated branches compared to the control fruits, which only started coloring one week later. At the 28 th day of observation, the 10 mg L -1 treated fruits showed more or less 60 % red color whereas, control was only 28% color covered.
In our experiment, we count the fruit number per treated branch separately in each season. NAA treatment had a significant effect on fruit number in all seasons. For the first season, our results showed that fruit number was 1.5 times higher in 5 mg L -1 NAA treatment compared to control ( Figure 5 ). All the treated branches produced the highest number of fruits compared to the untreated branches. The same trends were also recorded in 2 nd and 3 rd season.
Regarding fruit drop, NAA treatments reduced fruit drop compared to control and their differences were statistically significant (Table 2) . The results also showed that NAA treatments significantly reduced the polygalacturonase activity of wax apple fruits. The highest PG activity was recorded in dropped fruits compared to treatment groups ( Figure 6 ). The results showed that the treated branches exhibited a higher yield of fruits compared to the control, which were found to be statistically significant between treatments and control. As shown in Table 2 , all the treated branches in this study exhibited a higher yield compared to those in the untreated control. The yield, on a fruit weight basis was almost double in the fruits from the 10 mg L -1 treated branches compared to the control. As shown in Figure 7 , we observed that fruit yield of 10 mg L -1 NAA treatments showed a strong co relationship (R 2 = 0.737) with stomatal conductance of leaves. Fruit yield (kg) increased simultaneously with the stomatal conductance of leaves. NAA treatments resulted significant differences in the K + content in treated and non-treated fruits (Table 2) . Results showed that the K + content of fruit juice was the highest in 10 mg L -1 treated fruits followed by 5 and 20 mg L -1 NAA treated fruits, whereas control fruits produced the lowest value. NAA treated wax apple fruit quality attributes (firmness, weight, TA, SSC, pH and browning index) were analyzed during storage at immediately after 3 rd season harvest ( Table  3) . Our results showed that the pulp firmness of wax apple fruits was significantly affected by NAA treatments. The highest (7.8 N) and the lowest (7.0 N) pulp firmness were in 10 mg L -1 NAA-treated and untreated fruits. It was also observed that firmness of the treated fruit was reduced throughout the storage but the reduction rate was slower than the control (Table 3) . Our results show that, the weight loss increased with storage period and NAA-treated fruits retained higher weight values than control fruit during storage (Table 3) . After 15 days of storage a significant greater fruit weight was recorded in NAA-treated fruits than control treatment. As shown in Table 3 , the highest TSS value of 10.7 (°Brix) was observed in 10 mg L -1 NAA-treated fruit. The minimum TSS in the control samples was 6.70 (°Brix). In storage, values of TSS showed no significant differences between treatments (Table  3) , although high values in TSS were recorded for NAA-treated fruits compared with control fruits.
After cold storage, values of titratable acid (TA) and pH showed significant differences between treatments and control (Table 3) , although high value of TA found in the control fruits. The result showed that TA increased initially thereafter GROWTH, YIELD AND QUALITY OF WAX APPLE AS AFFECTED... decrease throughout storage in both control and treated fruits. As can be seen in Table 3 , the pH of the fruit juice throughout the experimental storage period was within the narrow range of pH 4.9 -pH 22. An increase in browning soluble pigment (the absorbance at 420 nm) has shown a high browning susceptibility of wax apple flesh during storage. Flesh browning index is a key factor limiting quality of wax apple. It can be seen from the Table 3 , NAA treatments significantly reduced the browning index of wax apple fruit.
The results also showed that NAA treatments significantly reduced the respiration rate and ethylene production of wax apple fruit in cold storage. The respiration rate was higher in control fruits compared to treated fruits. At the 10 th day of observation, ethylene production rate was 1.45 times higher in control fruits than the NAA treated fruits.
DISCUSSION
In this present study, leaf chlorophyll content of wax apple plants were significantly affected by NAA treatments. GUTAM, et al. (2009) also reported similar positive effects of NAA on chlorophyll content of Bell pepper. Synthetic auxin stimulated the chlorophyll synthesis as well as increased the chlorophyll fluorescence (CZERPAK et al., 2002) . The results of this study also stated that NAA treatments improved the chlorophyll fluorescence as well as quantum yield of wax apple plants. Stomatal conductance affects the photosynthetic rate by regulating CO 2 fixation in leaf mesophyll tissue and is positively correlated with photosynthesis. Foliar application of NAA significantly increased stomatal conductance of wax apple plants. These findings were found to be in agreement with that of NAHAR; TAKESHI, (2002) who observed that synthetic auxins increase the stomatal conductance in soybean. Our results for the changes in leaf dry matter are in agreement with the report of KOLER et al. (2008) , who reported that 30 mg L -1 NAA significantly increased the leaf dry matter of hybrid cotton.
Net photosynthetic rate in wax apple leaves increased notably with doses of NAA. IERSEL (1999) also reported that synthetic auxin NAA increased the net photosynthesis rate, plant biomass and growth of Vinca seedlings. It was also observed that leaf protein content of treated plants increased with NAA application. Sucrose phosphate synthase, an enzyme important for the synthesis of sucrose in leaves was also affected by NAA treatment. The increased photosynthetic rate could possibly provided more fructose and glucose 6-phosphate which in turn stimulated sucrose synthesis via sucrose phosphate synthase activity. BHOWMIK, et al. (2006) also found positive relationships between SPS activity and sucrose accumulation in perennial ryegrass. PGRs treatments may also increase the invertage activity, the increase invertage activity suggests for sucrose synthesis and vice versa due to increased photosynthetic product in treated leaves. The increased SPS activity could raise not only sucrose level but also glucose and fructose level in leaves and fruits of wax apple. Similar results were reported by MAAIKE et al. (2009) in tomato fruits.
Our results reported that NAA treatments increased the bud number, fruit set and fruit growth of wax apple. MILLER et al. (1987) also reported that auxins level in the fruit can promote the sink potential of the fruits, which is in direct proportion of to the rate of fruit growth. During the cell enlargement period, synthetic auxin increases photosynthesis and carbohydrate availability causing cell enlargement and also increase in final fruit size (AGUSTI et al., 1995) . Auxin may stimulate translocation of carbohydrate to the fruits and increased cell wall elasticity as well as induced fruit growth (SERRANI et al., 2008) . The auxins and gibberellins are used to control the fruit drop in citrus and to improve the quality of fruit. Our results related to fruit drop showed a concurrence with the findings of DAVIES; ZALMAN (2006) who observed that synthetic auxin (NAA and 2,4-D) significantly reduce the fruit drop in citrus fruits.
Polygalacturonase degrades polysaccharides present in the cell walls of plants by hydrolysis of the glycosidic bonds and the major component of pectin. PG enzymes loosen the structure of mixed cutin with polysaccharides and stimulates fruit drop by hydrolysis the glycosidic bonds and the major components of pectin of abscission zone. In this study, it was observed that polygalacturonase activity in dropped fruit was higher compared to treated fruits. Consequently, NAA treatments significantly reduced the polygalacturonase activity and reduced the fruit of wax apple plants. NAA treatments significantly increased the peel color of wax apple fruits in this study, possibly because of an increment in the accumulation of pigment in the skin. Our findings are supported by the results of AGUSTI et al. (1995) who reported that synthetic auxin enhanced the fruit color development in loquat fruit. It has been reported earlier that, NAA affects the number of fruits per plant. Our results related to fruit retention were found to be consequence with that of AMOROS et al. (2003) who reported that 10 mg L -1 NAA treatment increased the total number fruits as well as yield in
loquat. The results of this study showed that fruit yield were significantly higher in treated plants compared to untreated group. AMOROS et al. (2003) also reported similar positive effects of NAA on loquat fruit yield. Correlation between fruit yield and stomatal conductance of wax apple were supported by the findings of LU et al. (1998) who reported that yield had a positive correlation with stomatal conductance in Pima cotton and bread wheat.
Our results showed that K + content of wax apple fruit increased with NAA treatments. It has been reported in our previous study (KHANDAKER et al. 2012b ) that application of growth regulators significantly increased total sugar, carbohydrate, phenol, flavonoid, anthocyanin and carotenoids of wax apple fruits. It was also observed that treated fruits produced higher phenylalanine ammonia lyase (PAL) and antioxidant activity levels. In this study, we investigated the effects of NAA on postharvest storage quality of wax apple fruits. Fruit firmness and weight of wax apple did not changed significantly in storage time. FIGUEROA et al. (2012) also reported that the application of CaCl 2 and NAA alone or in combination did not significantly avoid fruit firmness reduction during storage time, suggesting that dips at 45°C can be sufficient. However, SUPAPVANICH et al. (2011) reported that firmness of the fresh-cut wax apple remained constant throughout storage. In storage, TSS increased initially and later on decreased gradually in both treated and untreated fruits. The reduction of total soluble solid might be related to the biosynthesis of anthocyanin. This biosynthesis of anthocyanin is induced by sugars such as sucrose, glucose, fructose, or galactose (KHANDAKER et al, 2012b) . Slight change in titratable acidity and pH of wax apple fruits during storage also observed in this study. TEHRANI et al. (2011) also reported similar change of TA and pH of wax apple fruits in room temperature storage. They also suggested that during storage, fruits utilize organic acids for metabolic activities and these results decrease the TA content during the storage periods. TECCHIO et al. (2009) reported that preharvest application of NAA reduced the incidence of decay of 'Nigara Rosada' grapes in post harvest storage. Our results related to browning index are supported by the results of AL-OBEED (2012) who reported that preharvest NAA application reduced the browning index of Jujube. These may be due to inhibitory effects of NAA on polyphenol oxidase (PPO), which lead to browning (HODGES, 2003) .
Wax apple is a non-climacteric fruit and its respiration rate is from 8 to 11 mg CO 2 Kg -1 h -1 . Our results showed that the respiration and ethylene production rate and postharvest senescence of wax apple was significantly lower in NAA treated compared to untreated fruits. It has been reported earlier that NAA application at fruit developmental stage decreased the polygalacturonase enzyme activity, which increased the strength of glycosidic bonds and pectin content in cell wall of pedicel and wax apple fruits. Consequently, NAA treatments protect to soften the peel and pulp of mature wax apple fruits and reduced the ethylene production as well as improved pre and postharvest quality of wax apple fruits. 
CONCLUSIONS
From the above results, it can be concluded that tested concentrations of NAA particularly 5 and 10 mg L -1 NAA can improve the growth, yield and postharvest quality of wax apple fruit. Treatment with 10 mg L -1 NAA gave promising results with respect to plant physiological properties; leaf chlorophyll content, net photosynthesis rate, stomatal conductance and chlorophyll fluorescence and enhanced faster fruit growth and color development. Additionally, 5 mg L -1 NAA treatment improved fruit set and reduced fruit drop and polygalacturonase activity. Treatment with 10 mg L -1 NAA increased fruit yield, dry matter, K + and TSS content in the fruits. Our results also showed that NAA-treated plant exhibited a positive correlation between stomatal conductance and fruit yield. NAA treatedfruits exhibited low respiration rate and ethylene production and highest post harvest quality in 15 days of cold storage. We concluded that 5 and 10 mg L -1 NAA treatments are promising concentration for enhancing the growth, development and yield under field conditions and improving the post harvest quality of wax apple fruits.
